reports usually referred to ear infection as the common origin but since 1930 the primary source of infection has most often been paranasal sinusitis. Other causes include rupture of an intracerebral abscess, penetrating wounds of the skull, cranial osteomyelitis, infection of a subdural hematoma, leptomeningitis, and septicemia.
The potential subdural space is relatively free over and between the cerebral hemispheres but restricted in the central basal region; hence most subdural empyemas are found either on the convexity or in the parafalx region.
Subdural empyema may arise indirectly following paranasal sinus infection. According to Courville, ~ the spread in such cases is by progressive thrombophlebitis of mucosal veins, spreading to the perforating cerebral veins and venous sinuses. The thrombophlebitis may not be clinically apparent. Once the infection enters the subdural space, pus rapidly forms and can spread widely. The extent of the infection in the subdural space depends on the primary site of origin and is influenced by gravity and anatomical boundaries. The extension of pus from the various primary sites appears to follow a definite course. In nasal sinusitis, usually the pus collects over the frontal poles in relation to the infected sinus, and it may spread from there. Usually, it tracks along the medial surface of the cerebral hemisphere and may even pass under the falx to the other side. The infection may also reach the subdural space by direct extension from osteomyelitis secondary to otogenic infection; actually, intracerebral abscesses are more common than subdural empyema following ear infection. When empyema is established it usually spreads posteriorly and medially over the tentorium and toward the falx. Pus may seep over the edge of the tentorium into the pos-35 36 Yashwant S. Bhandari and Narendra B. S. Sarkari terior fossa forming a cerebellar subdural abscess, but more commonly it remains above the tentorium.
An understanding of the above sites of collection in relation to the primary source of infection is important for the correct placement of burr holes as part of treatment.
Clinical Material
In this Centre, 179 cases of cerebral abscess, 35 cases of cerebellar abscess, and 37 cases of subdural empyema were admitted in the period covered by this report. Thus, the incidence of intracerebral abscess was 10 to 15 per year, and of subdural empyema, 2 to 3 per year.
Of 37 cases of subdural empyema, 26 were in males and 11 females. The patients ranged in age from 4 months to 60 years, but 48% were between 10 and 20 years old.
In 32 cases, sinus or ear infections were responsible for the subdural empyema (Table 1) . Two cases were secondary to orbital cellulitis, and the remaining three cases were secondary to an operation for nasal polyp, fracture of the frontal bone, and hematogenous infection. The sites of the subdural empyema are shown in Table 2 . The usual clinical onset was acute, starting with headache of variable intensity associated with vomiting and high fever followed soon by alteration of consciousness and signs of meningeal irritation. Later, focal neurological signs such as convulsions, hemiparesis, aphasia, dysphasia, or various ocular manifestations appeared. With these focal signs, the disease usually progressed rapidly and death occurred unless active measures were taken (Table 3) .
Bacteriology. Various organisms were found, as shown in Table 4 . The pus was sterile in 13 cases, possibly due to antibiotic administration in the referral hospitals.
Associated Lesions. There was periorbital cellulitis in four cases and an abscess in the temporalis muscle in one. Osteomyelitis was found in six cases, extradural abscess in eight, and an intracerebral abscess in six.
Thrombophlebitis in cerebral veins was Diagnostic Studies. If the condition of the patient was critical, burr holes were made as a life-saving measure. There were 10 cases in this group, admitted deeply comatose with one or both pupils fixed and dilated.
Cerebrospinal fluid examination was not carried out as a routine measure, primarily since 19 cases had papilledema. In 12 cases lumbar puncture carried out in referral hospitals showed increased pressure, polymorphonuclear pleocytosis (5 to 2 5 0 / c u mm), and elevated protein ranging from 75 to 300 rag%.
The plain x-ray films of the skull usually showed involvement of the sinuses or mastoid. A pineal shift was seen in five cases and sutural diastasis in three.
Carotid angiography was carried out in 28 of the 37 cases and in three cases more than once. In 22 cases this was done before operation. In 19 of these, subdural empyema was clearly demonstrated (Fig. 1) ; l0 also showed associated parafalx collections of pus (Fig. 2) while three did not reveal any definite abnormality. Carotid angiography was performed after operation in six cases; three of the~e showed parafalx collections of pus while in one there was an associated intracerebral abscess. In the other two cases the angiogram was normal. Air ventriculography was carried out in four cases where posterior fossa abscess was suspected clinically.
Angiographv was the most useful single diagnmtic study, demonstrating not only the suspected subdural empyema but also the presence of clinically unsuspected parafalx collections or associated intracerebral abscess.
Treatment. Most cases were treated through multiple burr holes. Attempts to explore the whole extent of the cavity were not Empyema 37
Fro. 1. Right carotid angiogram (oblique view)
showing extensive subdural collection.
made but pus was evacuated by depressing the brain. Because the pus was thick in most cases, an exact appreciation of its extent was not possible. Catheters were passed into the subdural space, and thorough irrigation with normal saline solution was carried out. Local instillation of antibiotics was not done as a matter of routine. Wounds were closed in one layer. While the pus was being studied bacteriologically, systemic administration of Penicillin and Steptomycin was started. The antibiotics were later changed if necessary, depending on the sensitivity tests. In most cases, the systemic evidence of infection and disturbances of consciousness level improved dramatically. Signs of neurological involvement showed marked improvement by the 5th or 6th day. In nine cases with large thick abscesses, drainage through burr holes was inadequate, and craniotomy was performed when there had been no improvement 2 to 8 days after the burr holes were made. Six of the nine cases needed craniotomy because there was an associated parafalx collection of thick pus; in two of these, bilateral craniotomy was done.
Craniotomy was carried out as the first procedure in three patients in whom parafalx collections of pus had been demonstrated on angiography and in one who had bilateral posterior fossa subdural empyema.
Yashwant S. Bhandari and Narendra B. S. Sarkari

Fro. 2. Right carotid angiograms, anterioposterior views, showing subdural and parafalx collections (left) and parafalx collection (right).
Convulsions occurred in 15 cases; four had status epilepticus. The fits were controlled by Phenobarbitone, Epanutin, or Paraldehyde. All patients were given anti-convulsants for 2 years after discharge.
Mortality and Prognosis.
The over-all mortality was 12 out of 37 cases ( 3 4 % ) . Of these, 10 patients were admitted deeply comatose with one or both pupils dilated and fixed, and six of these died immediately in spite of emergency measures. Excluding these cases, the mortality was six out of 27 ( 2 2 % ) . The mortality was related to several factors, such as massive parafalx collections, severe meningitis, ventriculitis, venous sinus thrombosis or the presence of resistant organisms such as pyocyanea. More than one factor was involved in most of the fatal cases.
Neurological recovery was complete in 13 cases; six of these were readmitted 2 years later for tantalum cranioplasty (5) or rib graft (1). Two cases were admitted 4 to 6 months after discharge because of seizures; one of them had a right hemiplegia which cleared when the fits were controlled with anticonvulsants. Twelve patients had residual neurological signs. Four of these were seriously disabled by hemiparesis, two had residual hemianopia, two had facial weakness, and four had exaggerated tendon reflexes on the affected side. The hemiparesis and hemianopia gradually improved over the next 3 to 4 years.
Discussion
Subdural empyema is a fulminating disease rapidly terminating in death if untreated. When a patient with acute sinus or otitic infection develops headache, vomiting, impairment of consciousness, seizures, or focal neurological signs, the possibility of intracranial infection must be considered. This may take the form of pyogenic meningitis, subdural empyema, or intracerebral abscess. In subdural empyema the onset of symptoms is usually abrupt, with high temperature and the signs of raised intracranial pressure. Focal seizures and neurological signs develop as the disease intensifies.
This study suggests that angiography should be done in every case to localize the site and extent of the empyema, and to identify any associated intracerebral abscess. The association of a parafalx collection of pus with subdural empyema is now a well-recognized development, and angiography is of great value in localizing these collections not Subdural producing any clinical signs per se. Three of our patients who did not show satisfactory clinical improvement following initial burr hole drainage had parafalx collections of pus as later demonstrated by angiography and showed dramatic clinical recovery after evaluation of the pus. Hitchcock and Andreadis ~ had a similar experience.
Our usual method of treatment was through multiple burr holes. Hitchcock and Andreadis considered the use of local antibiotics beneficial; we did not use this adjunct and there was no notable difference in the ultimate prognosis.
The other methods of treatment are craniotomy, as advised by Glass 4 and Le Beau, 7 and limited craniectomy as suggested by Keith. 6 Hitchcoek and Andreadis 5 did not consider these procedures necessary in most of their cases. In our series craniotomy was undertaken in nine cases and only when the clinical improvement after initial burr holes had not been satisfactory. Six of these had large parafalx collections. Recently we have utilized craniotomy as procedure of choice in three cases with parafalx collections. They showed a rapid clinical improvement and the period of hospitalization was considerably shortened. We still believe that multiple burr holes are sufficient in most of the cases but that craniotomy is a more satisfactory method when there is a parafalx collection of pus.
This series of cases of subdural empyema still shows a high mortality, the figures being similar to those of Hitchcoek and Andreadis) It is apparent from this study that there still are cases of subdural empyema in spite of antibiotics and early attention to otorhinological infections. Therefore, this complication must be constantly kept in mind so that prompt and adequate measures can be undertaken.
Summary
We have seen 37 cases of subdural empyema in 15 years and have reviewed the Empyema 39 characteristic findings. The common causes are acute paranasal sinusitis and chronic otitic suppuration. Cerebral angiography should be performed promptly for the localization of the abscess and any associated parafalx or intracerebral collections of pus.
We believe the treatment of choice in most cases is multiple burr holes for drainage of the pus. If there is any sizable parafalx collection, craniotomy is the method preferred since it provides adequate evacuation of the thick pus; clinical improvement is usually dramatic.
